Improvements over recent years in the performance of Integer Linear Programming (ILP) and Boolean Satisfiability (SAT) solvers have encouraged the modeling of complex engineering problems as ILP. An example is the Clustering Problem in Mobile Ad-Hoc Networks (MANETs). The Clustering Problem in MANETs consists of selecting the most suitable nodes of a given MANET topology as clusterheads, and ensuring that regular nodes are connected to clusterheads such that the lifetime of the network is maximized. This paper proposes enhanced ILP formulations for the Clustering Problem, through the enablement of multi-hop connections and intra-cluster communication, and assesses the performance of state-of-the art generic ILP and SAT solvers in solving the enhanced formulations.
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ILP FORMULATION ENHANCEMENTS
This paper proposes two enhancements to the ILP formulation of the clustering problem presented in [2] which was built on the ideas and assumptions put forward in the EEC-CB model presented in [18] . The proposed enhancements include the ability for nodes to establish multihop connections (2-hop), and also the ability for nodes to communicate with other nodes in the same cluster without going through the designated clusterhead for that cluster (IntraCluster communication).
Variables and Assumptions
The variables used in [2, 18] The following assumptions which were made in the ILP formulations in [2, 18] are also applicable to the proposed ILP formulation. The variable b, in the objective function, which represents the level of the node's capability to act as a clusterhead, gets its value from an external source (algorithm, tool, etc). This is useful as multiple approaches/algorithms, which determine the suitability of a node in acting as a clusterhead, can be combined with this model without changing the equations, although this is out of the scope of our research. It is assumed that nodes are able to determine each other's position, either through the use of GPS, or other localization techniques.
Intra Cluster Communication Enhancement
Intra Cluster communication is introduced for two reasons. The first is that the primary responsibility of the clusterhead should be to route communication between clusters and not within a cluster. The goal is for the clusterhead to conserve as much energy as possible for the communication between clusters, allowing it to last longer in its role as a clusterhead. The second reason is that should a clusterhead fail, the nodes within a cluster will still be able to communicate.
Equation 1 is the objective function to be minimized. The structure of the objective function is kept similar to the one used in the EEC-FCB and EEC-CB models in [18] . It is the objective function used in the proposed 'Star-Ring' model in [2] , with one additional term. m* is used to indicate the number of possibility, not the identity of nodes involved . . There will always be N-2 possibilities. For example: 7 node network. When considering whether node i and node j, one must check if they are both connected to the same clusterhead which could be anyone of the 5 remaining nodes (should they be selected to be clusterheads).The following constraints are implemented in addition to the constraints used to implement the Star-Ring formulation in [2] . The following constraints enable Intra-Cluster communication. Constraints 2 and 3 are used to identify that node i is connected to node j if one of the possibilities of the both of them being connected to the same clusterhead has occurred. (N = total number of nodes)
Constraint 4 is used to enforce the restriction that a node cannot connect to itself through a hop.
(4)
Constraint 5 is used to state that node i being connected to node j in the same cluster also implies that node j is connected to node i (Matrix is diagonal). 
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ns. [2] . The enhancements include the ability for nodes within the same cluster to communicate without going through the designated clusterhead, and the ability to establish multihop links. Using the proposed ILP formulations and enhancements together with a custom designed tool, it was possible to test the performance and analyze the performance of generic-based ILP and 0-1 SATbased ILP solvers. The SAT solver, BSOLO, performed well for small scale networks while the generic-based ILP solvers CPLEX and SCIP were able to handle the larger scale topologies without timing out. It is observed that while these enhanced formulations enable the generation of complex network solutions, and are suitable for small scale networks, the time taken to generate the corresponding solution does not meet the strict requirements of a practical environment. 
